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Abstract of JP2000111721 

PROBLEM TO BE SOLVED: To provide a color 
filter having a protective layer which is excellent 
in transparency, adhesion property, heat 
resistance, water resistance, chemical 
resistance, high hardness, smoothness and 
productivity in succeeding processes and which 
gives no influences on a color conversion pattern 
layer, and to provide an org. multicolor light- 
emitting display device having the color filter 
above described. SOLUTION: This color filter 
consists of a transparent supporting substrate 1, 
pattern layer 2 formed on the supporting 
substrate 1 by patterning a resin film containing 
dyes, protective layer 4 which covers the 
supporting substrate 1 and pattern layer 2 and is 
formed as a transparent and flat film, and 
transparent electrode 3 formed on the protective 
layer 4. The protective layer 4 is formed by wet 
film forming method of a mixture of a 
polymerizable component (a) and (b) metal- 
contg. compds., and then subjecting the film to 
crosslinking polymn. by radiation and/or heat. 
The polymerizable component contains 
monomers, oligomers and/or polymers which 
have hydroxy! groups, carboxyl groups or amino 
groups and which are polymerizable with 
radiation and/or heat. 
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(54) [Title of the Invention] 

COLOR FILTER AND ORGANIC MULTICOLOR LIGHT-EMITTING DISPLAY 
ELEMENT 
5 (57) [Abstract] 
[Object] 

To provide a color filter having a protective layer which is excellent in 
transparency, an adhesion property, heat resistance, water resistance, chemical 
resistance, high hardness, smoothness, and productivity in succeeding steps and which 
10 has no influence on a color conversion pattern layer, and to provide an organic 
multicolor light-emitting display element having the color filter 
[Solution] 

The color filter is provided with a transparent supporting substrate, a pattern 
layer arranged over the supporting substrate, which is formed by patterning a resin film 

15 containing a coloring matter, a protective layer which covers the supporting substrate 
and the pattern payer and is formed to be transparent and flat, and a transparent 
electrode formed over the protective layer. The protective layer is formed, by a wet 
method, with a mixture of a polymerizable component (a) containing monomers, 
oligomers, and/or polymers which can be polymerized by radiation and/or heat and have 

20 a hydroxy 1 group, a carboxyl group, or an amino group; and a metal-containing 
compound (b), and then, formed by a cross-linking type polymerization reaction with a 
radiation and/or heat. 
[Scope of Claims] 
[Claim 1] 

25 A color filter characterized in that a transparent supporting substrate, a pattern 

layer arranged over the supporting substrate, which is formed by patterning of a resin 
film containing a coloring matter, a protective layer which covers the supporting 
substrate and the pattern layer and is formed to be transparent and flat, and a transparent 
electrode formed over the protective layer are provided, wherein the protective layer is 

30 formed, by a wet method, with a mixture of a polymerizable component (a) containing 
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monomers, oligomers, and/or polymers which can be polymerized by radiation and/or 
heat and have a hydroxyl group, a carboxyl group, or an amino group; and a 
metal -containing compound (b) including metal alkoxide, metal phenoxide, metal 
acylate, or metal chelate which have 1 to 18 carbon atoms, and then, formed by a 
5 cross-linking type polymerization reaction with a radiation and/or heat. 
[Claim 2] 

A color filter according to claim 1, wherein the monomers, oligomers, and/or 
polymers which can be polymerized by radiation and/or heat and have a 
(metha)acryloyl group and the metal atom is selected from a group consisting Al, Zr, Si, 
10 In, Zn, Ni, Ti, and Cu. 
[Claim 3] 

A color filter according to claim 1 or 2, wherein the metal-containing 
compound (b) is contained in the protective layer, in a range of 1-100 parts wt with 
respect to 100 parts wt. of the above monomers, oligomers, and/or polymers which can 
15 be polymerized by radiation and/or heat. 
[Claim 4] 

A color filter according to any one of claims 1 to 3, wherein a glass transition 
temperature of the protective layer is greater than or equal to 140°C, a film thickness 
thereof is less than or equal to 15 jam, and planarized concavity and convexity of a 
20 surface thereof are less than or equal to 0.2 |im. 
[Claim 5] 

A color filter according to any one of claims 1 to 4, wherein at least part of the 
coloring matter contained in the pattern layer is formed of a coloring matter having a 
color conversion function. 
25 [Claim 6] 

An organic multicolor light-emitting display element characterized in that an 
organic electroluminescence element in which an organic light-emitting layer emitting 
light by injection of a charge is provided over a color filter and the color filter emits 
multicolor light by light emission from the organic light-emitting layer, wherein the 
30 color filter according to any one of claims 1 to 5 is provided as the color filter. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a color filter capable of multicolor display, 
5 which is high-definition and is excellent in environment resistance and productivity, and 
an organic multicolor light-emitting display element provided with the color filter. In 
particular, the present invention relates to a color filter for a display such as an image 
sensor, a personal computer, a word processor, a television set, a facsimile, an audio, a 
video, a car navigation, an electric desk calculator, a telephone set, or a mobile terminal, 
10 and industrial instruments, and an organic multicolor light-emitting display element 
provided with the color filter. 
[0002] 
[Related Art] 

In recent years, diversification of information has been developed. "Beauty, 
15 lightness, slimness, and excellence" are required for a display device in an information 
field, including a solid image pickup element, and an active research and development 
for low power consumption and rapid response has been advanced. In particular, 
high-definition full colorization of a display device has been widely devised. 
[0003] 

20 Since an element for a color image in the solid image pickup element or a 

liquid crystal display device developed in the early days of 1 980 was put into practical 
use, a color filter as shown in FIG. 1 has been an essential member for full colorization 
of these elements. In the color filter as shown in FIG. 1, a color resolution pattern 
layer 2 is provided over a supporting substrate 1 , and furthermore, a protective layer 4 

25 and a transparent electrode 3 are provided thereover. 
[0004] 

Performances such as (D high definition, high transparency, and high contrast 
of a color dot, ® high optical concentration and high definition of a black matrix, (2) 
endurance and flatness, ® chemical resistance and heat resistance in succeeding 
30 manufacturing steps, and © mass productivity are required for this color filter. 
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[0005] 

As a manufacturing method of such a color filter, ® a staining method, © a 
pigment dispersion method, © a printing method, and the like are given. Of these 
methods, although the ® staining method has characteristics of precise color and high 
5 transmission because a resist which can be stained, typified by gelatin, is stained in a 
stain solution by dye of each wavelength, the staining method is inferior in light 
resistance, heat resistance, and chemical resistance. In addition, the © pigment 
dispersion method is a method by which a color resist is patterned by miniaturizing 
phthalocyanine-based (blue and green) pigment, anthraquinone-based (red) pigment, or 

10 the like to have a grain diameter of less than or equal to 0. 1 (im in average to a resist 
material typified by an acrylic resin. Therefore, the pigment dispersion method has 
favorable resistance in comparison with the staining method; however, the pigment 
dispersion method has inferior light transmission. In addition, since an oxygen 
blocking film is used during exposure, a step is taken and minute pattern performance 

15 declines slightly. Moreover, the © printing method is simple; however, a surface 
property is bad, it is difficult to produce precise color, and it is difficult to obtain a 
minute pattern formation. 
[0006] 

In a line pattern in a color conversion pattern layer formed by the above 
20 methods or the like, as a protective layer (a protective film), the following chemical, 
optical, and mechanical performances are required: 

® no influence (color deterioration, color tone change, or the like) on a coloring 
material (dye and pigment), 
© no pattern deformation, 
25 ©a preferable adhesion property to the pattern layer and the supporting substrate and a 
preferable adhesion property to a layer including a transparent electrode layer formed in 
succeeding steps, 

® preferable transmittance (no absorption in a visible region), 
® preferable heat resistance, chemical resistance, and water resistance, 
30 © preferable smoothness and high hardness of a surface, and 
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® resistance to succeeding steps of the transparent electrode or the like. 

For these required performances, the following material has been proposed as a 

protective layer for liquid crystal or the like. 

[0007] 

5 In other words, as a protective layer formation material which maintains a 

shape of a line pattern, has small chemical influence on a coloring matter, and insulates 
and planarizes a substrate or prevents physical and mechanical destruction of a 
light-emitting element, wide variety of coat agents has been proposed, such as an 
acrylic-based resin (Japanese Published Patent Application No. S60-2 16307), an 

10 epoxy-based resin (Japanese Published Patent Application No. H4-97102 and Examined 
Patent Application Publication No. H3-8652), a polyimide-based resin (Japanese 
Published Patent Application No. HI -229203), or a silicone-based resin (Japanese 
Published Patent Application No. H6-19216, Japanese Published Patent Application No. 
H8-279394, and Japanese Published Patent Application No. H9-49902). 

15 [0008] 

However, the above materials need ultraviolet irradiation or heat treatment at 
high temperature of greater than or equal to 200°C to form a film. Therefore, it is 
extremely difficult to maintain a high-precision pattern without decreasing the 
characteristic of a coloring matter of a color resolution pattern layer which becomes a 
20 base, achieve planarization while keeping a level-difference portion of an edge portion, 
and form a protective layer which can resist succeeding manufacturing steps, and 
problems such as the above required performance to the protective layer and excellent 
mass production have not yet reached adequate solution. 
[0009] 

25 The color filter for the liquid crystal display element and the like and the 

protective layer thereof are previously explained. However, since a stacked layer 
organic electroluminescence (hereinafter, referred to as "organic EL") element which 
has an organic molecule thin film stacked layer structure and is capable of obtaining 
high luminance of greater than or equal to 100 cd/m 2 when being applied with voltage 

30 of 10 V, as an element having characteristics such as viewing angle dependence and 
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rapid response, was reported by Tang late in 1980 (Appl. Phys. Lett., 51, 913 (1987)), 
research toward the practical application of the organic EL element has been actively 
carried out and development of a similar element using an organic high molecular 
material has been also advanced. Consequently, research and development of color 
5 filter to the organic EL element has started to be actively carried out. 
[0010] 

Since the organic EL element can achieve high current density with low 
voltage, high light-emitting luminance and luminous efficiency can be expected in 
comparison with an inorganic EL element or an LED, and the organic EL element is a 

10 self-luminous element. Therefore, excellent characteristics such as ©high luminance 
and high contrast, ©low voltage driving and high luminous efficiency, ©high 
resolution, ©high visual field, CD rapid response speed, ©miniaturization and 
colorization, and ©lightweight and slimness can be expected from a multicolor 
light-emitting display element using the organic EL element. From the above points, 

15 application to a flat panel display having characteristics of "beauty, lightness, slimness, 
and excellence" has been expected. 
[0011] 

The organic EL light-emitting element has a typical stacked layer structure in 
which an organic high molecular thin film is stacked over a transparent electrode. For 
20 example, a layer structure such as the following can be given: 

(1) an anode (a transparent electrode)/ an organic light-emitting layer/ a cathode (an 
electrode), 

(2) an anode (a transparent electrode)/ a hole injecting layer/ an organic light-emitting 
layer/ a cathode (an electrode), 

25 (3) an anode (a transparent electrode)/ an organic light-emitting layer/ an electron 
injecting layer/ a cathode (an electrode), or 

(4) an anode (a transparent electrode)/ a hole injecting layer/ an organic light-emitting 
layer/ an electron injecting layer/ a cathode (an electrode). 

Such a layer structure can be formed by the method disclosed in each gazette of 
30 Japanese Published Patent Application No. H5-21163, Japanese Published Patent 
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Application No. H5- 114487, Japanese Published Patent Application No. H5-94876, 
Japanese Published Patent Application No. H5-94877, Japanese Published Patent 
Application No. H5- 125360, Japanese Published Patent Application No. H5- 134430, 
Japanese Published Patent Application No. H6-200242, Japanese Published Patent 
5 Application No. H6-234969, Japanese Published Patent Application No. H7- 11245, 
Japanese Published Patent Application No. H7-11246, Japanese Published Patent 
Application No. H7-142168, Japanese Published Patent Application No. H7-282975, 
Japanese Published Patent Application No. H8-213171, Japanese Published Patent 
Application No. H8-227276, Japanese Published Patent Application No. H8-236273, 

10 Japanese Published Patent Application No. H8-279394, Japanese Published Patent 
Application No. H8-302340, Japanese Published Patent Application No. H8-3 15981, 
Japanese Published Patent Application No. H9-022782, Japanese Published Patent 
Application No. H9-102393, Japanese Published Patent Application No. H9-153395, 
Japanese Published Patent Application No. H9-204983, Japanese Published Patent 

15 Application No. H9-204984, Japanese Published Patent Application No. H9-204985, 
Japanese Published Patent Application No. H9-209127, Japanese Published Patent 
Application No. H9-232075, Japanese Published Patent Application No. H9-272864, 
Japanese Published Patent Application No. H9-283279, Japanese Published Patent 
Application No. H9-293589, Japanese Published Patent Application No. H9-298090, 

20 Japanese Published Patent Application No. H9-3 06666, Japanese Published Patent 
Application No. H9-306668, Japanese Published Patent Application No. H9-330791, 
Japanese Published Patent Application No. H9-330792, Japanese Published Patent 
Application No. H10-012378, Japanese Published Patent Application No. H10-012379, 
Japanese Published Patent Application No. HI 0*0 123 80, Japanese Published Patent 

25 Application No. H10-012383, Japanese Published Patent Application No. H10-022072, 
Japanese Published Patent Application No. HI 0-022076, Japanese Published Patent 
Application No. H10-039792, Japanese Published Patent Application No. H10-069981, 
Japanese Published Patent Application No. HI 0-083889, Japanese Published Patent 
Application No. H10-092583, Japanese Published Patent Application No. H10-106746, 

30 Japanese Published Patent Application No. HI 0-1 06753, Japanese Published Patent 
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Application No. H10-125471, Japanese Published Patent Application No. H10-125472, 

Japanese Published Patent Application No. HI 0-1 25473, and the like. 

[0012] 

Problems of such an organic EL element are as follows: it is necessary ® to 
5 inject carrier efficiently from outside by the reason of being formed of an organic 
insulator which does not have carrier inside, ® to achieve improvement of transport 
efficiency of injected hole/electron carrier, increase in percentage of recombination, and 
improvement of luminous efficiency, ® that an organic thin film material can avoid 
change of film quality due to heat, water, gas, or the like, is stable physically and 
10 chemically, an interface and a surface of a formed film are flat and smooth, and as more 
important point, ®to obtain color balance of multicolor light-emission, high luminance, 
and high luminous efficiency. 
[0013] 

However, today, a green monoclonal organic EL display for a car has been 
15 already commercialized by Tohoku Pioneer Corporation since November in 1997, and 
practical application of an organic EL element display as full color display with rapid 
response speed, multicolor, and high definition is hereafter needed in hurry to meet 
diversified social needs. In particular, essential performance as high-performance 
display device is a precise color display function (see Functional Materials, Vol. 18, No. 
20 2, after Page 96). 
[0014] 

As a method of multicolor display with the use of the organic EL element, the 
following are proposed: ® a method by which an organic EL element with three 
primary colors is sequentially patterned to be provided over a plane surface, © a 

25 method by which a color filter of three primary colors (red, green, and blue) is set in a 
white organic light-emitting element, ® a method by which a color conversion filter 
using a fluorescent coloring matter is set in a blue organic light-emitting element and 
blue light is shifted to fluorescence (green and red) of long wavelength to obtain light 
emission of three primary colors (Japanese Published Patent Application No. 

30 H3-1 52897 and Japanese Published Patent Application No. H5-258860), © a 
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microcavity method, © an RGB light-emission stacked-layer method, © a voltage 

control method, and the like. 

[0015] 

However, when the organic EL element with three primary colors of ® is 
5 sequentially patterned to be provided over a plane surface, patterning of each organic 
EL element layer is performed by a photolithography method (hereinafter, abbreviated 
as a "photolitho method"); therefore, efficiency of the element itself is drastically 
reduced due to a developing step in which exposure is performed repeatedly. In 
addition, mass production is difficult due to steps being extremely complicated. 

10 Furthermore, the reality is that a material with high luminous efficiency of each color 
has not been obtained and the luminous efficiency of red is particularly low in the 
present circumstances; accordingly, practical application has not been achieved. Next, 
the method of © has a problem in that a process is complicated. Moreover, although 
the method of ® is ideal in terms of display quality or use efficiency, a fine pattern 

15 and a driving method are difficult in practice. Furthermore, the method of ® has 
many problems in terms of a range of color change by voltage, a gray scale display, and 
the like. In view of the foregoing, it can be said that techniques of © and ®, which 
are color filter methods, are realistic and that practical application is possible. 
[0016] 

20 However, among these methods, in the color filter method of © using the 

white organic light-emitting element, luminous efficiency of one of three primary colors 
is limited to 1/3, which is disadvantageous in terms of efficiency. Furthermore, the 
reality is that a white organic light-emitting element with which enough luminance can 
be stably obtained has not yet obtained. Note that, although a similar type to the above 

25 one for liquid crystal can be used as such a color filter, a color filter, where a protective 
layer which can resist succeeding manufacturing steps and is optically, physically, 
chemically, and mechanically excellent is required, which can be adequately resistant to 
practical application, has not yet obtained. 
[0017] 

30 In the color filter of a color conversion method of ®, organic color of a 
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light-emitting element is not limited to white, an organic light-emitting element with 
higher luminance can be used for a light source, and conversion efficiency of greater 
than or equal to 60% to a long wavelength can be obtained especially in a color 
conversion method using a blue light-emitting element; therefore, this color conversion 
5 method is most efficient in principle. The color filter of this method is as shown in 
FIG. 2. That is to say, a color conversion pattern layer 2 is provided over a supporting 
substrate 1, and furthermore, a protective layer 4 and a transparent electrode 3 are 
provided thereover. 
[0018] 

10 As a method for emitting three primary colors by setting this color filter using 

fluorescent coloring matter and converting blue light emission to fluorescence of a long 
wavelength (green and red), a color conversion method by which light of an emission 
region of an organic EL element is absorbed and a fluorescent material which emits 
fluorescence of a visible light region is used for a filter is proposed (Japanese Published 

15 Patent Application No. H3- 152897 and Japanese Published Patent Application No. 
H5-258860). An advantage of such a color conversion method in which a fluorescent 
layer is set is that since luminous efficiency is determined by product of absorption 
efficiency and fluorescence efficiency of a fluorescent material, if a fluorescent material 
with high absorption efficiency and fluorescence efficiency is used, highly efficient 

20 three-primary-color emission with extremely high conversion efficiency can be obtained. 
From the above reason, a three-primary-color display method using color conversion by 
a fluorescent layer is expected to be most advantageous and close to practical 
application. 
[0019] 

25 Problems of the color filter of the above color conversion method ® are the 

above problem of the organic EL element itself, development of conversion coloring 
matter with high color conversion efficiency, and development of a color filter which is 
excellent in chemical, mechanical, and physical resistance to the coloring matter, is 
capable of precise pattern formation, and is excellent in resistance to succeeding steps. 
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[0020] 

More specifically, when multicolor light-emitting display element is obtained 
by a color conversion color filter method, a distance between a color conversion color 
filter and an organic EL element is particularly given, though this is also said for the 
5 above liquid crystal display device. As this distance increases, light emission of 
adjacent pixels easily leaks; accordingly, a viewing angle characteristic deteriorates. 
Therefore, the shorter a distance between the color conversion pattern layer and the 
organic EL element is, the more preferable the viewing angle characteristic is. For this 
reason, in nature, it is optically desirable that a transparent electrode and an organic EL 
10 element light-emitting layer be formed directly on a top surface of the color conversion 
color filter. 
[0021] 

In addition, as for a color conversion color filter which converts light emission 
of the organic EL element into an objective wavelength, color conversion coloring 

15 matter which is used for the purpose of conversion is extremely vulnerable to light of a 
specific wavelength, water, heat, and organic solvent, and a function is easily 
deactivated due to these; accordingly, it is given that various restrictions are 
accompanied with a structure of the multicolor light-emitting display element and a 
manufacturing method of the color filter. 

20 [0022] 

As conversion coloring matter used for a color conversion color filter, for 
example, the following is used: rhodamine-based, pyridine-based, oxazine-based, and 
coumarin-based coloring matter and cyanine-based fluorescent coloring matter or the 
like disclosed in gazette of Japanese Published Patent Application No. H8-78158, 
25 Japanese Published Patent Application No. H8-222369, Japanese Published Patent 
Application No. H8-286033, Japanese Published Patent Application No. H9-106888, 
Japanese Published Patent Application No. H9-208944, Japanese Published Patent 
Application No. H9-245511, Japanese Published Patent Application No. H9-330793, 
Japanese Published Patent Application No. HI 0-1 2379, and the like. 
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[0023] 

As described above, it is known that change in a fluorescent wavelength and 
quenching is caused to the fluorescent coloring matter due to influence of light, heat, or 
organic solvent. In addition, decolorization and quenching might be caused due to 
5 radical species or ion species generated from initiator or reactive monomers in light 
reaction( Japanese Published Patent Application No. H7-268010). Therefore, when the 
transparent electrode and the organic EL element light-emitting layer are formed 
directly on the upper surface of the color conversion pattern layer, there is a problem in 
that the color conversion pattern layer easily loses its function due to heat or plasma 
10 generated in a sputtering step of the transparent electrode or a peeling solution used 
when patterning the transparent electrode, or the like. 
[0024] 

As such a color conversion pattern layer, it is preferable to use a material which 
is highly transparent and has no chemical influence to a coloring matter as a matrix 

15 material to the above coloring matter. For example, a material described in gazette of 
Japanese Published Patent Application No. H8-222369 can be given, and a resin-based 
material used for liquid crystal, which is typified by polyvinyl alcohol-based, 
polyacrylate-based, polyamide-based, epoxy-based, polyurethane-based or the like resin 
can also be used. For example, as a photosensitive resin to which a photolitho method 

20 can be applied, a resist material having (metha)acrylic-based, polycinnamate-based, 
cyclic rubber-based or the like reactive vinyl group can be given. Also, in the same 
way as a case of an inorganic fluorescent material, the use of the above manufacturing 
method of a color filter such as a method by which an organic fluorescent coloring 
matter is dispersed and dissolved in a liquid resist (photosensitive polymer), and 

25 patterned by a spin coating method (gazette of Japanese Published Patent Application 
No. H5- 198921 and Japanese Published Patent Application No. H5-258860), a roll 
coating method, or a print method can be easily given. In addition, the above print 
method, photolitho method, or the like are used for the patterning method, and 
photolitho method is particularly preferable as a high-precision patterning method. 
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[0025] 

However, when the color conversion pattern layer is formed as described above, 
a problem occurs in that a film thickness of a coloring matter layer of each color is 
different in order to obtain a predetermined tone due to difference of conversion 
5 performances (efficiency/tone) of a fluorescent material corresponding to each color. 
That is to say, as shown in FIG. 3, a color conversion pattern layer 2 over a transparent 
substrate 1 has level differences. If a transparent electrode 3 and an organic EL 
element layer are directly formed on the level differences, as described above, from the 
level differences of this color conversion pattern layer and a characteristic of a coloring 

10 matter, in subsequent manufacturing steps, an electrode is disconnected and conversion 
coloring matter and a patterning shape are damaged; an uneven film thickness of an 
organic light-emitting layer is easily generated optically; functionality of a color filter is 
reduced; and also, stable light emission of the organic EL element layer cannot be 
obtained. Consequently, a problem that a high-definition multicolor light-emitting 

15 display element cannot be obtained occurs. 
[0026] 

From the above points, it becomes extremely difficult to form the transparent 
electrode 3 directly on the color conversion pattern layer 2. Therefore, providing a 
protective layer 4 between the color conversion pattern layer 2 and the transparent 
20 electrode 3 becomes a necessary requirement, which plays an important role in leading 
a multicolor light-emitting display element with good light-emitting property, viewing 
angle property, color reproductivity, preservation stability, driving stability, or the like to 
practical application. 
[0027] 

25 As characteristics required for such a protective layer, in addition to required 

items for the above protective layer of the color filter typified as a protective layer for a 
display element for liquid crystal, there are restrictions in a conversion coloring matter 
on light, heat, solvent, or the like, and the color conversion pattern layer has a level 
difference; accordingly, the following performances aire further required particularly. 
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[0028] 

That is to say, (i) not causing pattern erosion or deactivation of functionality of 
a fluorescent layer, (ii) being capable of filling the steps of the color conversion pattern 
layer and of forming as thin film as possible (approximately several jam) in order to 
5 maintain the viewing angle characteristic preferable, (iii) having a preferable 
light-transmitting property, (iv) having heat resistance, (v) having a highly flat and 
smooth surface without protrusion, (vi) having preferable adhesion property to the color 
conversion pattern layer and a substrate, (vii) having excellent chemical resistance, 
(viii) having excellent moisture resistance, (ix) having no residual monomer nor 

10 degasification such as a solvent, (x) being provided with a certain amount of mechanical 
strength, (xi) having a film without a foreign matter protrusion, (xii) having resistance 
to succeeding manufacturing steps, and the like can be given. A protective layer which 
meets the above characteristics is transparent enough so that light emission from an 
organic EL element layer is efficiently absorbed into a color conversion layer without 

15 being attenuated and scattering. The protective layer not only has an electrical 
insulating property and planarizes level differences (concavity and convexity) in a film 
thickness of the color conversion pattern layer but also can play a role in protecting the 
color conversion pattern layer from chemical factors such as light from outside, 
chemical, or solvent and physical and mechanical factors such as impact and stress of a 

20 stacked layer, or the like. Accordingly, a multicolor light-emitting display element 
which does not adversely affect a color conversion characteristic or life stability of an 
organic light-emitting element can be put to practical use. 
[0029] 

Various methods hereinafter shown are proposed for this point; however, a 
25 protective layer satisfying all these required characteristics has not yet realized, which is 
a large problem of an organic EL element multicolor light emission and full 
colorization. 
[0030] 

First, as a formation method of the protective layer, a dry method (a sputtering 
30 method, an evaporation method, a plasma method, or the like) and a wet method (a spin 
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coating method, a roll coating method, a casting method, or the like) are considered. 
As for the former method, however, a thin film formed of an inorganic material typified 
by silica, alumina, titanium, or the like (gazette of Japanese Published Patent 
Application No. H7-104114 and the like) or a high molecular film of parylene, 
5 polyamide, or the like is given; however, there are basically many problems in that it is 
difficult to prevent influence on a coloring matter due to heat to the color conversion 
pattern layer and to perform high planarization while uniformly filling the level 
differences and that there is difficulty in terms of a process (productivity and the like), 
or the like. 
10 [0031] 

On the other hand, film formation by the wet method has been examined many 
times. A material for this protective layer is a photo-curing resin and/or a 
thermosetting resin including the above materials, and a silicon resin modified with 
imide (gazette of Japanese Published Patent Application No. H5-134112, Japanese 

15 Published Patent Application No. H7-218717, Japanese Published Patent Application 
No. H7-306311, or the like); an acrylic resin, a polyimide resin, a silicone resin, and the 
like in which an inorganic metal compound (TiO, AI2O3, Si02, and the like) is dispersed 
(gazette of Japanese Published Patent Application No. H5- 119306, Japanese Published 
Patent Application No, H7-104114, or the like); an acrylate resin modified with epoxy 

20 as an ultraviolet curing resin (gazette of Japanese Published Patent Application No. 
H7-48424); a resin having acrylate monomer/oligomer/polymer reactive vinyl group 
and a resist resin (gazette of Japanese Published Patent Application No. H6-300910, 
Japanese Published Patent Application No. H7-128519, Japanese Published Patent 
Application No. H8-279394, Japanese Published Patent Application No. H9-330793, or 

25 the like); an inorganic compound of a sol-gel method (described in Monthly Display in 
1997, Vol. 3, No. 7, and gazette of Japanese Published Patent Application No. H8-27934 
or the like), a fluorine-based resin (gazette of Japanese Published Patent Application No. 
H5-36475, Japanese Published Patent Application No. H9-330793, or the like); or the 
like are given. In addition, as a structure of the protective layer, a method of forming 

30 an insulating inorganic oxide film over a top surface of a color conversion pattern layer 
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and further forming a known protective film formed of an organic high molecule is also 
proposed (gazette of Japanese Published Patent Application No. H8-279394). 
However, as described above, if an inorganic film is formed directly on the color 
conversion pattern layer, a coloring matter is damaged due to thermal impulse and the 
5 like and mechanical stress is also applied; accordingly, deformation of a pattern could 
be generated. Furthermore, sequentially providing the protective layer formed of the 
organic high molecular material means that heat or light is further added; accordingly, 
the coloring matter is further damaged and there are many problems in terms of 
manufacturing steps. 
10 [0032] 

In addition, as for a modified resin such as (metha)acrylate-based and an 
epoxy-based of photo-curing type or thermosetting type or combination type, or the like 
which is typical as a material for a protective film of a color filter for a normal liquid 
crystal display, an image sensor, or the like, there is influence such as deactivation to a 

15 conversion coloring matter due to radical species or ion species which have a polar 
reactive vinyl group and are generated from initiator. That is to say, a fluorescent 
coloring matter to be used could become dimeric; n conjugation of a chromophore 
group could be disconnected; and original color conversion of the coloring matter to 
fluorescence could be disturbed due to irradiation of light, especially strong ultraviolet 

20 light. Therefore, when a photo-curing type resin, particularly an ultraviolet curing type 
resin, is used for a protective layer of a color conversion film, a fluorescent material (a 
color conversion coloring matter) could be adversely affected, and it is necessary to 
consider a component, a reaction mechanism, and ultraviolet intensity. 
[0033] 

25 Moreover, as for the use of a high-temperature curing resin including 

polyimide which is hardened at high temperature over 200°C, a color conversion 
characteristic deteriorates due to heat from a balance of a fluorescent coloring matter 
and a matrix material of the color conversion pattern layer. It is desirable to form a 
film at less than or equal to 200°C in order to maintain the characteristic, and the use of 

30 the high-temperature curing resin including polyimide which is hardened at high 
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temperature over 200°C includes a large problem. 
[0034] 

Furthermore, a fluorescent material is also eroded by a photo-curing type or 
thermosetting type monomer constituent or solvent; therefore, inconvenience such as 
5 degradation of resolution and degradation of color conversion efficiency is generated 
due to these. 
[0035] 

On the other hand, a method of coating an inorganic material (a straight 
silicone resin) which is bridged three-dimensionally with -Si-O-Si-bonding, by a sol-gel 

10 method (Monthly Display in 1997, Vol. 3, No. 7, Page 119, or the like) which is a 
typical coating method of a color filter has advantages such as excellent heat resistance, 
weather resistance, solvent resistance, or high hardness. Therefore, heat resistance is 
remarkably excellent in comparison with a general organic resin. In addition, in 
environment resistance, there is extremely little resolution deterioration of a coated film 

15 such as discoloration and choking in comparison with an organic resin. Moreover, 
excellent repellency, moisture resistance, or water resistance are shown. Although 
such a straight silicone resin has an active constituent formed of only silicone, has 
-Si-O-Si-bonding as a main chain in the same manner as other silicone products, and 
has an alkyl group such as a methyl group and an aromatic group such as a phenyl 

20 group as a side chain, the straight silicone resin has advantages that, after being 
hardened, a three-dimensional bridge structure in which bridge density is extremely 
high is formed and that a hard coating film is formed. However, by this method, only 
submicron order film thickness can be coated and level differences of a fluorescent 
layer with a thickness of several |xm cannot be filled even if the fluorescent layer is 

25 coated; therefore, a protective layer which is uniform and smooth cannot be formed. 
When a thick film is coated and formed by increasing viscosity and additionally coating, 
the film becomes vulnerable to stress denaturation and destruction such as crack is 
caused, which adversely affect the pattern. Furthermore, in this method, baking at 
greater than or equal to 240°C is necessary for complete hardening and there is a defect 

30 that a fluorescent material is deactivated at such high temperature. 

18/41 



English Translation of JP2000-1 11721 



[0036] 

[Problems to be Solved by the Invention] 

As described above, there are many restrictions in forming a protective layer 
over a color conversion pattern layer, and it is essential that the protective layer of the 
5 color conversion pattern layer does not decrease a characteristic of a fluorescent 
material and that there are no contamination of a foreign matter into the protective layer 
itself and no defects and protrusions of a film surface. If these exist, a display defect 
which is referred to as a dark spot is caused. In either case, it is a present situation 
where a material or a structure of the protective layer which is not accompanied with 
10 deterioration of the characteristic of the fluorescent material or the display defect at all 
has not yet discovered. 
[0037] 

The present invention has been made in view of the above problems. It is an 
object to provide, as a protective layer for a color filter as a particularly 

15 high-performance multicolor light-emitting display element including a protective layer 
for a display element/an image sensor, a color filter having a protective layer which is 
excellent in transparency, an adhesion property, heat resistance, water resistance, 
chemical resistance, high hardness, smoothness, and productivity in succeeding steps 
and which has no influence on a color conversion pattern layer, and an organic 

20 multicolor light-emitting display element provided with the color filter. 
[0038] 

[Means for Solving the Problem] 

The present inventors devoted themselves to research on a protective layer for 
a color filter which does not adversely affect a conversion characteristic in the color 
25 filter and life stability of an organic light-emitting EL element in order to solve the 
above many problems, and they found that the above object can be achieved by using a 
polymerizable product formed of a particular polymerizable compound and a particular 
metal-containing compound and reached to the completion of the present invention. 
[0039] 

30 The color filter of the present invention is characterized in that a transparent 
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supporting substrate, a pattern layer arranged over the supporting substrate, which is 
formed by patterning a resin film containing a coloring matter, a protective layer which 
covers the supporting substrate and the pattern layer and is formed to be transparent and 
flat, and a transparent electrode formed over the protective layer are provided, where the 
5 protective layer is formed, by a wet method, from a mixture of a polymerizable 
component (a) containing monomers, oligomers, and/or polymers which can be 
polymerized by radiation and/or heat and have a hydroxyl group, a carboxyl group, or 
an amino group and a metal-containing compound (b) including metal alkoxide, metal 
phenoxide, metal acylate, or metal chelate having 1 to 18 carbon atoms, and then 
10 formed by a cross-linking type polymerization reaction with a radiation and/or heat. 
[0040] 

The above monomers, oligomers, and/or polymers, capable of being 
polymerized by radiation and/or heat, preferably has a (metha)acryloyl group (a 
methacryloyl group or an acryloyl group), and the above metal atom is preferably 

15 selected from a group including Al, Zr, Si, In, Zn, Ni, Ti, and Cu. In addition, the 
above metal-containing compound (b) is preferably contained in the range of 1—100 
parts wt. with respect to 100 parts wt. of the above monomers, oligomers, and/or 
polymers, capable of being polymerized by radiation and/or heat. Furthermore, it is 
preferable that a glass transition temperature of the above protective layer be greater 

20 than or equal to 140°C, a film thickness thereof be less than or equal to 15 jum, and 
planarized concavity and convexity of a surface thereof be less than or equal to 0.2 (im. 
[0041] 

At least part of a coloring matter contained in the pattern layer is preferably 
formed of a coloring matter having a color conversion function. 
25 [0042] 

In addition, the present invention is characterized in that an organic multicolor 
light-emitting display element is provided with an organic electroluminescence element 
in which an organic light-emitting layer emitting light by injection of charge is provided 
over a color filter and in which the color filter emits multicolor light by light emission 
30 from the organic light-emitting layer, where the color filter of the present invention is 
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provided as the color filter. 
[0043] 

[Embodiment Mode of the Invention] 

Hereinafter, a specific embodiment mode of the present invention will be 
5 explained based on drawings. FIG 1 is a cross-sectional view of a color filter relating 
to one embodiment mode of the present invention where, over a transparent supporting 
substrate 1 , a color resolution pattern layer 2 including dyes or pigments of red, green, 
and blue is formed and then a protective layer 4 and a transparent electrode 3 are 
sequentially formed. In addition, FIG. 2 is a cross-sectional view of a color filter 

10 relating to another embodiment mode of the present invention which is obtained in the 
same manner as FIG. 1 other than a color conversion pattern layer 2 which is formed 
instead of the color resolution pattern layer 2. Further, FIG 3 is a cross-sectional view 
where only the color conversion pattern layer 2 and a transparent supporting substrate 1 
that are shown in FIG. 2 are formed. Furthermore, FIG 4 shows an example of a 

15 cross-sectional view of a color conversion type organic EL display device where an 
organic EL light-emitting element is stacked over the above color filter. In FIG 4, 
reference numeral 5 denotes an organic stacked film for an organic EL element, where a 
hole injecting layer, a hole transporting layer, an organic light-emitting layer, and an 
electron injecting layer are sequentially stacked from the bottom, and a cathode 

20 electrode 6 is provided thereover. A passivation film 7 between the transparent 
electrode 3 and the protective layer 4 is not necessary in a case where a single layer is 
coated. Note that the color resolution pattern layer shown in FIG 1 refers to a color 
filter for coordinating light emission color from an organic light-emitting layer with 
chromatic purity, and the color conversion pattern layer shown in FIG 2 refers to a 

25 fluorescent layer that can emit light by absorbing light from an organic light-emitting 
layer, for example. 
[0044] 

In the present invention, over the color resolution or color conversion pattern 
layer 2 including dyes or pigments which is arranged over the transparent supporting 
30 substrate 1 and the top face of the transparent supporting substrate, a film is formed by a 
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wet method in the following manner: a polymerizable component (a) containing 
monomer, oligomer, and polymer components which can be polymerized by radiation (a 
ultra-violet ray, visible polymerization, or the like) and/or heat and have a hydroxyl 
group, a carboxyl group, or an amino group is mixed with a metal contained compound 
5 (b) including metal alkoxide, metal phenoxide, metal acylate, or metal chelate having 1 
to 1 8 carbon atoms. Thereafter, a cross-linking type polymerization reaction is caused 
by either a radiation or heat, or both, so that the protective layer 4 is formed. This 
protective layer 4 is formed by coating to preferably have the film thickness of less than 
or equal to 15 jim and much preferably 1-13 jim, so that the above problem can be 
10 solved preferably. 
[0045] 

The monomers, oligomers, and/or polymers which can be polymerized by 
radiation and/or heat and contain a hydroxyl group, a carboxyl group, or an amino 
group that shows hydrophilicity. Accordingly, the monomers, oligomers, and/or 

15 polymers are soluble in a solvent, typically water or alcohol-based solvent, which does 
not erode the pattern layer 2, in particular, the color conversion pattern layer; therefore, 
a film can be formed. In addition, the above metal contained compound (b), which is 
soluble in the solvents in the same manner as the monomers, oligomers, and/or 
polymers, cross-links with a high molecule functional group by formation of 

20 dealcoholization condensation or a hydrogen bond with a hydroxyl group, a carboxyl 
group, or an amino group of the above polymerizable component (a). By mix of the 
metal contained compound (b) with the polymerizable component (a), in the heat 
polymerization reaction thereafter, polymerization reaction of a terminal reactive group, 
preferably, of a (metha) acryloyl group is performed. Preferably, terminal reactive 

25 groups generated by photoreaction are first reacted, and then, heat at temperatures 
preferably from 80 to 160°C, much preferably from 85 to 150°C, and still much 
preferably from 90 to 130°C is added, so that a cross-linking reaction is further caused 
by the above metal contained compound (b). Accordingly, the adhesion property 
between the supporting substrate 1 and the pattern layer 2 is improved with further 

30 superiority of film characteristics. 
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[0046] 

As described above, the functional group of the polymerizable component (a) 
(a hydroxyl group, a carboxyl group, or an amino group) is used along with alkoxide, 
phenoxide, acylate, or chelate of the above metal contained compound (b) to have the 
cross-linking reaction due to dealcoholization condensation reaction additionally. 
Accordingly, no erosion of the color pattern layer which is required as the protective 
layer is achieved; therefore, a superior protective layer that can withstand the 
manufacturing in the post process can be obtained in addition to optical, chemical, 
physical, and mechanical resistance. 
[0047] 

As the above monomer component having a hydroxyl group, a carboxyl group, 
or an amino group, the following can be given: a polymer of polyalcohol, such as vinyl 
alcohol, (metha) acrylic acid, hydroxyethyl acrylate, AyV-dimethylaminoethylacrylate, 
(poly) ethylene glycol (metha) acrylate, or (poly) propylene glycol (metha) acrylate, 
with ester of (metha) acrylic acid, ester of fiimaric acid or maleic acid; an epoxy-based 
resin of a bisphenol A type or a novolac type; or the like. 
[0048] 

Hereinafter, an example of a compound capable of radiation and/or heat 
polymerization which has an active functional group that can be used for the present 
invention and a (metha) acryloyl group for a terminal will be shown. 
Monofunctional Compound 

2-hydroxyethyl (metha) acrylate 

2-hydroxyethylacryloylphosphate 

e-caprolactone-(3-hydroxyethylacrylate 

polycaprolactone acrylate 

Af,Af-dimethylaminoethyl acrylate 

^A^dimethylaminopropylacrylamide 

A^-dimethylacrylamide 

product name: M-5300, 5400, 5600, 5700, or the like 

Aronix series M-5300, 5400, 5600, 5700, or the like (manufactured by 
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Toagosei Co., Ltd.) 
[0049] Bifuncitionalized Compound 
polyurethane diacrylate 

product name: M-215 (manufactured by Toagosei Co., Ltd.) 

bisphenol A-epichlorohydrin type epoxy diacrylate 

pentaerythritol diacrylate monostearate 

alicyclic type epoxy diacrylate 

ethylene glycol diglycidyl ether di (metha) acrylate 

polypropylene glycol diglycidyl ether diacrylate 

phthalic acid diglycidyl ester diacrylate 

terminal hydroxyl group contained polybutadiene epoxy adduct 
(bromination) bisphenol A type epoxy diacrylate and a novolac type polymer 
product name: lipoxy series (Showa Highpolymer Co., Ltd.) or the like 
[0050] Tri- or more-Functional Compound 
pentaerythritol triacrylate 
trimethylolpropane and propylene oxide adduct 
triacrylate 

dipentaerythritol pentaacrylate 
glycerol polyglycidyl ether polyacrylate 

product name: KAYARAD PET-30, -1040 (manufactured by Nippon Kayaku 
Co., Ltd.), a beam set EM-90 (manufactured by Arakawa Chemical Industries, Ltd.), 
and the like 
[0051] 

These compounds can be used in single or by being mixed, and when mixed, a 
film characteristic is preferable in general. Further, other monomers, oligomers, or the 
like may also be used along therewith. Furthermore, by being polymerized or 
copolymerized, the monomers, oligomers, or the like may be used as an oligomer or a 
polymer having a terminal reactive group. 
[0052] 

As described above, a polar monomer of a conventional radiation 
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polymerization type erodes the coloring matter of a coloring matter pattern layer. 
However, with a functional group (a hydroxyl group, a carboxyl group, or an amino 
group) relating to the present invention introduced, it is found that fluorescent coloring 
material that is used for the color conversion pattern layer is not chemically affected. 
5 [0053] 

Further, as a component (a) which can be polymerized by radiation ray and/or 
heat, a hydroxyl group contained epoxy compound and a thiol compound of a cation 
polymerization type is also effective. 
[0054] 

10 Here, the monomer, oligomer, and/or polymer component having a hydroxyl 

group, a carboxyl group, or an amino group in the above polymerizable component (a) 
is preferably within the range of 10 ~ 80wt. %, much preferably, 20 ~ 70wt. %. 
[0055] 

In a case of using the polymerizable component (a) having the above functional 
15 group, these components are dissolved easily in water or an alcohol-based solvent that 
is inviolable to the coloring matter of the coloring matter pattern layer, a mixed solvent, 
or the like, and a preferable film formation property capable of coating is shown. 
However, when these components are over 80wt %, many of the above hydrophilic 
functional group remain as residues, which are surplus even when being cross-linked 
20 with the functional group. Consequently, the hydrophilicity of the protective film is 
enhanced; thus, there is an adverse effect on resistance or the like. In addition, on the 
other hand, in a case where these components are less than lOwt. %, solubility of the 
polymerizable component (a) gets extremely lower with respect to solvents without an 
effect on the coloring matter pattern layer. Moreover, a cross-linking effect of the 
25 metal contained compound (b) and the functional group is also decreased. Thus, a 
predetermined protective film characteristic cannot be obtained even with the use of the 
metal contained compound (b) relating to the present invention along therewith. 
[0056] 

Next, the metal contained compound (b) including metal alkoxide, phenoxide, 
30 acylate, or chelate that operate as a cross-linking agent will be explained. As a central 
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metal, Al, Ti, Si, Zr, In, Zn, Ni, Cu, or the like is given. Alkoxide, phenoxide, acylate, 
or chelate can be easily obtained with these central metals by a conventional method. 
These compounds are formed in a cross-linking manner by being condensed due to 
interesterification with a group having an active hydrogen atom, in particular, a 
5 hydroxyl group, a carboxyl group, or an amino group, in moisture or a high molecule. 
In particular, metal alkoxide shows intense hydrolability. As the carbon number of 
substituted alkyl or an aryl group increases, the reactive speed gets slow, which is 
changed in the order of tert>sec->n-. In addition, in general, the reaction rate of 
phenoxide is not slower than that of alkoxide, and further reactivity thereof can be 

10 controlled by formation of a chelate compound with the use of diketone and ketoester 
such as ethyl acetoacetate, acetylacetone, and diethyl malonate; ketoester; or the like. 
As the cross-linking agent of the above polymerizable component (a), any of the above 
metals of the alkoxide, phenoxide, acylate, and chelate compound can be applied. 
However, as extremely preferable one, metal such as Ti, Al, Zr, or Cu, the carbon 

15 number of which is 2 to 6, is preferable for a metal alkoxide, phenoxide, or the like, and 
a complex compound thereof can also be given. 
[0057] 

In addition, as the chelate compound, diisopropoxytitaniumbis 
(acetylacetonate) or the same chelate of Si or Zr, di-normal butoxy titanium bis (ethyl 
20 acetoacetate) or the same chelate of In, or the like can be given. 
[0058] 

In order to initiate polymerization of monomers, oligomers, and/or polymers 
which can be polymerized by radiation and/or heat and have a terminal reactive group, 
in particular, a (metha) acryloyl group, there are a method for directly exciting by light 

25 or the like and a method for generating a free radical with the indirect use of a 
polymerization initiator. In the present invention, either method is effective; however, 
the method for adding a polymerization initiator is more stable as the protective layer. 
As the polymerization initiator, there is a dehydrogenation type, a decyclization type, an 
ion type, or the like, including a resolvable type typified by a carbonyl compound. 

30 Further, reactivity thereof can be enhanced by using an accelerator along therewith, and, 
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by further compounding these types, reactivity thereof can be controlled. Accordingly, 
since the above radical species gives an adverse effect on a coloring matter, an 
appropriate combination is appropriately selected. It is found that it is effective to use 
such an initiator with the concentration of, approximately, less than or equal to 5wt. % 
5 with respect to the polymerizable component (a). 
[0059] 

Initiators that can be used in the present invention are exemplified by a product 
name. Many of the following combinations are possible: 

Irgacure 184, 651, 1173, 500, 1000, 907, 369, 1700, or the like, manufactured 
10 by Chiba-Geigy Co., Ltd; 

CTX, DETX-S, BP- 100, BMS, 2-EAQ, DMBI, or the like, manufactured by 
Nippon Kayaku Co., Ltd.; 

SEIKUOL Z, BZ, BEE, BIP, BI, or the like, manufactured by Seiko Chemical 
Co., Ltd.; 

15 or the like, and the initiator is not limited to the above. 

[0060] 

The above metal contained compound (b) of preferably 1-100 parts wt., much 
preferably, 10 ~ 95 parts wt. is used with respect to monomers, oligomers, and/or 
polymers relating to the present invention of 100 parts wt. As metal alkoxide 
20 compound increases, a crack is caused, whereas, as there are a few metal alkoxide 
compounds, the cross-linking density decreases; thus, the resistance of a film decreases. 
[0061] 

As a solvent that is used in coating the pattern layer 2 with a composition, 
where the polymerizable component (a) and the metal contained compound (b) are 

25 mixed, water or alcohol-based solvent that does not erode a coloring matter (for 
example, ethanol, isopropyl alcohol, n, isobutanol, or the like), or a mixed solvent 
thereof can be given. The mixed composition is dissolved after the concentration is 
controlled in order to obtain the target film thickness and smoothness. As a coating 
method, a spin coating method, a roll coating method, a dipping method, or the like can 

30 be used, or can be used together. Accordingly, a uniform and highly flat film can be 
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obtained. 
[0062] 

Thereafter, polymerization reaction is caused by the polymerization of the 
terminal group of the polymerizable component, in particular, a (metha) acryloyl group, 
5 with radiation irradiation (electron radiation curing, ultra-violet curing, visible curing, 
or the like) or heat curing, or both curing. A preferable polymerization method is a 
ultra-violet curing with the irradiation amount controlled. Then, the functional group 
of the polymerizable component (a) (a hydroxyl group, a carboxyl group, or an amino 
group) and the metal contained compound (b) are reacted in a cross-linking manner by 
10 being added with heat within the preferable range. 
[0063] 

The film thickness of the protective layer 4 is preferably less than or equal to 
15 jim, much preferably, 1-13 jam. The protective layer, the surface of which is 
smooth with the concavity and convexity of less than or equal to 0.2 urn, is a 

15 transparent film with a glass transition temperature of greater than or equal to 140°C. 
Consequently, by manufacturing a hybrid protective layer, where there is chemical, 
physical, and mechanical strength (pencil hardness test: greater than or equal to 4H), 
formed of a high molecule-inorganic composite material superior in a gas barrier 
property, a targeted superior protective layer can be obtained. 

20 [0064] 

In addition, a ultra-violet absorber, a leveling agent, or the like may be added to 
the protective film relating to the present invention, and further, as the passivation thin 
film 7, an inorganic film with optically no influence such as Si02, SiO, or AI2O3 may be 
formed over the protective layer to have a film thickness less than or equal to 300 nm. 
25 Thereafter, a high-quality color filter can be obtained by formation or the transparent 
electrode 3 over the protective film relating to the present invention by a sputtering 
method. It is found that this is adequately practical. 
[0065] 

In particular, in the color conversion type color filter using the color conversion 
30 pattern layer, the deterioration of the organic EL element due to the cause of 
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degasification from a color conversion film can be suppressed, or a barrier property can 
also be obtained with respect to an organic solvent. At the time of the step of forming 
the organic EL element (an anode, an organic layer, a cathode), the color filter material 
is protected from moisture or a low molecular compound such as a monomer; or 
moisture, oxygen, a monomer, or other low molecular weight component that is 
generated from the color filter or the like is shielded by change over time or heat at the 
time of driving an element. Accordingly, the organic EL element that is formed over 
the protective layer of the color filter of the present invention can be driven stably for 
the long term. 
[0066] 

According to the present invention, the color conversion function of the color 
filter is maintained, and the flatness of color level difference can be achieved with a 
bonding layer having a minimum film thickness. Therefore, there are a few damages 
in a process for forming an organic EL element, and a multicolor light-emitting display 
element having a high viewing angle characteristic can be obtained. 
[0067] 

The material for the protective layer in the present invention is not particularly 
limited, as long as the material capable of film formation has transparency 
(transmittance of greater than or equal to 50% within the range of 400 ~ 700 nm) and 
heat resistance to the heat at a post-process and at the time of driving element. 
[0068] 

FIG. 1 and FIG. 2 are cross-sectional views of color resolution and color 
conversion type color filters, the surfaces of which are protected by the protective layer 
of the present invention, respectively. In the color conversion type color filter, a red 
coloring matter layer, a green coloring matter layer, and a blue coloring matter layer are 
provided over the flat surface of the supporting substrate 1 such as a glass substrate. A 
method for forming each coloring matter layer is not particularly limited, and a 
photolithography method, a micellar electrolytic field method, a screen printing method, 
or the like can be used, for example. 
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[0069] 

[Embodiment] 

Hereinafter, explanation based on an embodiment of the present invention will 
be made. An embodiment of manufacturing a light-emitting panel is shown below. 
5 Note that, as an example of the material of an organic EL layer, indium tin oxide (ITO) 
is used as an anode, and copper phthalocyanine (CuPc), 
4,4-bis[iV-( 1 -naphthy O-A'-phenylaminoJbiphenyl (oc-NPD), 
4,4 f -bis(2,2-diphenylvinyl)biphenyl (DPVBi), and alkylate (Alq) is used as an organic 
light-emitting layer. However, the material of the organic EL layer is not limited 

10 thereto. 

[0070] Embodiment 1 
Forming Color conversion Filter 

After coating of a color filter blue material (a color mosaic CB-7001 
manufactured by Fuji Hunt Electronics Technology Co., Ltd.) over a glass transparent 

15 substrate by a spin coating method, patterning was performed by a photolithography 
method; therefore, a blue color conversion pattern layer having a line pattern, with a 
line of 0.1 mm, a pitch of 0.33 mm, and a film thickness of 5 [am, was obtained. Then, 
after coating of an alkaline soluble negative type resist where coumarin 6 (manufactured 
by Aldrich Co., Ltd.) is dispersed, patterning was performed over the substrate by using 

20 a photolithography method, and a green color conversion pattern layer having a line 
pattern, with a line of 0.1 mm, a pitch of 0.33 mm, and a film thickness of 10 |um, was 
obtained by heat at 150°C. Further, after coating of an alkaline soluble negative type 
resist where rhodamine 6G (manufactured by Aldrich Co., Ltd.) is dispersed, patterning 
was performed over the substrate by using a photolithography method, and a red color 

25 conversion pattern layer having a line pattern, with a line of 0.1 mm, a pitch of 0.33 mm, 
and a film thickness of 1 5 |am, was obtained by heat at 120°C. 
[0071] Manufacturing Protective Layer 

As the coating solution of the protective layer, more than the following photo 
polymerizable type high molecule derivative composition was diluted with a solvent, 

30 where 65 parts wt of isopropyl alcohol and 35 parts wt. of water are mixed, so that the 
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solid content is 60 wt. %: 

30wt. % of glycerol poly glycidyl ether poly aery late (Denacol DA-314 
manufactured by Nagase Kasei Co., Ltd.); 

15wt. % of isocyanuric acid EO modified diacrylate (Aronix M-215 
5 manufactured by Toagosei Co., Ltd.); 

5wt. % of neopentyl glycol diacrylate; 

7wt. % of 2-hydro-2-phenoxypropyl acrylate (Aronix M-5700 manufactured by 
Toagosei Co., Ltd.); 

1.8wt. % of an initiator, Irgacure 1174, (manufactured by Chiba-Geigy Co., 

10 Ltd.); 

1 .2wt. % of an initiator, SEIKUOL-BBI (manufactured by Seiko Chemical Co., 
Ltd.); and 

40wt. % of titanium tetra-n-butoxide "TBT" (manufactured by Nippon Soda 
Co., Ltd.). 

15 The above pattern layer that is formed is coated with the composition by a spin coater 
and irradiated with energy of 500 mJ/cm 2 with the use of a high pressure mercury vapor 
lamp, and thereafter, heat and drying were performed in the oven at 100°C for 30 
minutes to perform curing of the composition, so that a protective layer was formed. 
[0072] 

20 Thereafter, the color conversion color filter was obtained by formation of the 

transparent electrode 3 of ITO by a sputtering method. Then, the organic EL layer was 
formed in the following manner so as to obtain the multicolor light-emitting display 
element. 
[0073] 

25 Forming Organic EL Layer (anode, organic layer, and cathode) 

FIG. 4 is a layer structure schematic view (a cross-sectional view) of the 
organic EL layer manufactured in this embodiment. The organic EL layer formed over 
the top face of the color conversion color filter has a five-layer structure of a 
hole-injecting layer, a hole transporting layer, a light-emitting layer, an electron 

30 injecting layer, and a cathode. 
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[0074] 

First, a transparent electrode (ITO) was formed by a sputtering method over the 
entire top face of the protective layer which is formed over the pattern layer of FIG. 2. 
In patterning, after the ITO is coated with a resist agent (OFPR-800 manufactured by 
5 Tokyo Oka Co., Ltd.), a mask that can obtain a line pattern, with a line of 0.096 mm and 
a pitch of 0.1 1 mm, is aligned with the pattern of a base conversion layer, and then, light 
exposure is performed at 200 mJ/cm 2 ; therefore, the ITO line pattern was obtained with 
a developing solution (NMD-3 manufactured by Tokyo Oka Co., Ltd.). 
[0075] 

10 Next, the hole injecting layer, the hole transporting layer, the light-emitting 

layer, and the electron injecting layer were sequentially formed without breaking a 
vacuum after the substrate is put in a resistance heating vapor deposition apparatus. 
The pressure within a vacuum chamber was reduced to 1 x 1 0" 4 Pa in forming the layers. 
As the hole injecting layer, 100 run of copper phthalocyanine (CuPc), which is 

15 expressed in the next equation, was stacked. As the hole transporting layer, 20 nm of 
4,4'-bis[A'-(l-naphthyl)-A / -phenylamino]biphenyl (a-NPD), which is expressed in the 
next equation, was stacked. As the light-emitting layer, 30 nm of 
4,4'-bis(2,2-diphenylvinyl)biphenyl (DPVBi), which is expressed in the next equation, 
was stacked. As the electron injecting layer, 20 nm of aluminum chelate (Alq), which 

20 is expressed in the next equation, was stacked. 
[0076] 

Thereafter, this substrate is taken out from the vacuum chamber and was newly 
put in the resistance heating vapor deposition apparatus, and then, 200 nm of Mg/Ag 
(weight ratio of 10:1) was formed as the cathode in the direction perpendicular to the 
25 anode. 

[0077] Embodiment 2 

As the coating solution of the protective layer, a mixed high molecular 
composition, where 40wt. % of di-n-butoxy bis(triethanolaminato)titanium compound 
"TAT" (manufactured by Nippon Soda Co., Ltd.) was obtained instead of 40wt. % of 
30 TBT for the cross-linking metal contained compound in the photo polymerizable type 
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high molecule derivative composition in Embodiment 1, is diluted with the solvent 
which is the same as that of Embodiment 1 . The pattern layer formed in Embodiment 
1 is coated with this solvent and is cured to obtain the protective film. Thereafter, a 
color conversion color filter was obtained through the same process and a multicolor 
5 light-emitting organic EL display element was manufactured. 
[0078] Embodiment 3 

Instead of the coating solution for the protective layer in Embodiment 1 , more 
than the following photo polymerizable type high molecule derivative composition was 
diluted with a solvent, where 65 parts wt. of isopropyl alcohol and 35 parts wt. of water 
10 are mixed, so that the solid content is 60wt %: 

35wt. % of glycerol poly glycidyl ether poly acrylate (Denacol DA-314 
manufactured by Nagase Kasei Co., Ltd.); 

lOwt. % of pentaerythritol triacrylate (Aronix M-305 manufactured by 
Toagosei Co., Ltd.); 

15 lOwt. % of DPHA (KAYARAD DPHA manufactured by Nippon Kayaku Co., 

Ltd.); 

lOwt. % of 2-hydro-2-phenoxypropyl acrylate (manufactured by Aronix 
M-5700 manufactured by Toagosei Co., Ltd.); 

lwt. % of an initiator, Irgacure 651, (manufactured by Chiba-Geigy Co., Ltd.); 
20 lwt. % of an initiator, KAYACURE 2-EAQ (manufactured by Nippon Kayaku 

Co., Ltd.); 

lwt. % of an initiator, SEIKUOL-BBI (manufactured by Seiko Chemical Co., 
Ltd.); and 

32wt. % of tetra-i-propoxide titanium "TPT" (manufactured by Nippon Soda 
25 Co., Ltd.) 

The pattern layer that is formed in Embodiment 1 was coated with the composition by a 
spin coater and irradiated with energy of 500 mJ/cm 2 with the use of a high pressure 
mercury vapor lamp, and thereafter, heat and drying were performed in the oven at 
100°C for 30 minutes to perform curing of the composition, so that a protective layer 
30 was formed. Thereafter, in the same step as Embodiment 1 , a color conversion color 
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filter and a multicolor light-emitting organic EL display element were obtained. 
[0079] Embodiment 4 

Instead of the coating solution for the protective layer in Embodiment 1 , more 
than the following photo polymerizable type high molecule derivative composition was 
5 diluted with a solvent, where 65 parts wt. of isopropyl alcohol and 35 parts wt. of water 
are mixed, so that the solid content is 60wt. %: 

35wt. % of isocyanuric acid EO modified diacrylate (Aronix M-215 
manufactured by Toagosei Co., Ltd.); 

15wt. % of oligoester polyacrylate (Aronix M-8030 manufactured by Toagosei 
10 Co., Ltd.); 

lOwt % of phthalic acid epoxy acrylate (Denacol DA-721 manufactured by 
Nagase Kasei Co., Ltd.); 

Iwt. % of an initiator, Irgacure 1174, (manufactured by Chiba-Geigy Co., Ltd.); 
Iwt. % of an initiator, SEIKUOL-BBI (manufactured by Seiko Chemical Co., 

15 Ltd.); 

Iwt. % of an initiator, KAYACURE 2-EAQ (manufactured by Nippon Kayaku 
Co., Ltd.); and 

32wt. % of zircontetra isopropoxide compound 
The pattern layer that is formed in Embodiment 1 was coated with the composition by a 

20 spin coater and irradiated with energy of 500 mJ/cm 2 with the use of a high pressure 
mercury vapor lamp, and thereafter, heat and drying were performed in the oven at 
120°C for 30 minutes to perform curing of the composition, so that a protective layer 
was formed. Thereafter, in the same step as Embodiment 1 , a color conversion color 
filter and a multicolor light-emitting organic EL display element were obtained. 

25 [0080] 

The protective layers formed in the above embodiments are each a smooth film, 
the heat resistant temperature is greater than or equal to 140°C, with the concavity and 
convexity of the surface is 0.2 jam, which was also a preferable protective layer without 
eroding the coloring matter. As the heat resistant temperature of such a protective 
30 layer, Tg is one guide. 

34/41 



English Translation of JP2000- 1 1 1 72 1 



[008 1 ] Comparative Example 1 

Instead of the protective layer in Embodiment 1, a protective layer was 
obtained on the pattern layer by spin-coating a hard coating agent (KAYARADM-010 
manufactured by Nippon Kayaku Co., Ltd.) formed of ultra-violet curable 
5 multifunctional acrylate-based oligomers or the like, light-exposing with the amount of 
light of 500 mJ/cm 2 (365 nm), and further baking at 80°C. 
[0082] 

Hereinafter, a transparent electrode was formed over the top face of a 
protective layer by the same method as Embodiment 1; therefore, a color filter was 
10 obtained. Further, an organic EL element (an anode, an organic layer, and a cathode) 
was formed. 

[0083] Comparative Example 2 

Instead of the protective layer in Embodiment 1, a protective layer was 
obtained on the pattern layer by spin-coating a solution, where 95 parts wt. of 

15 multifunctional acrylate-based photo-curing type resin (EM-90 manufactured by 
Arakawa Chemical Industries, Ltd.) and 5 parts wt. of a polymerization initiator 
(Irgacure 184 manufactured by Ciba Special Chemical Corp.) are added to be dissolved, 
light-exposing with the amount of light of 1500 mJ/cm 2 (365 nm), and further heating at 
80°C. 

20 [0084] 

Hereinafter, a transparent electrode was formed over the top face of a 
protective layer by the same method as Embodiment 1; therefore, a color filter was 
obtained. Further, an organic EL element (an anode, an organic layer, and a cathode) 
was formed. 

25 [0085] Comparative Example 3 

Instead of the protective layer in Embodiment 1, a protective layer was 
obtained on the pattern layer by coating a thermosetting protective agent (HP- 1009 
manufactured by Hitachi Chemical Co., Ltd.) formed of a double-fluid epoxy-based 
resin which has conventionally been used as a highly flat and transparent protective film, 

30 under the spin coating condition of 700 rpm/1 Osec, and drying the protective agent by 
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prebaking (80°C/2 minutes + 100°C/2 minutes) and post-baking at 200°C/an hour in an 

oven, 

[0086] 

Hereinafter, a transparent electrode was formed over the top face of a 
5 protective layer by the same method as Embodiment 1; therefore, a color filter was 
obtained. Further, an organic EL element (an anode, an organic layer, and a cathode) 
was formed. 

[0087] Comparative Example 4 

Instead of the protective layer in Embodiment 1, a protective layer was 
10 obtained on the pattern layer by spin-coating an inorganic coating agent (manufactured 
by Nissan Kagaku Co., Ltd.), where an inorganic compound containing SiC>2 as its main 
component is made complex, drying at 80°C for 5 minutes, and baking at 150°C for an 
hour in the oven. 
[0088] 

15 Hereinafter, a transparent electrode was formed over the top face of a 

protective layer by the same method as Embodiment 1; therefore, a color filter was 
obtained. Further, an organic EL element (an anode, an organic layer, and a cathode) 
was formed. 
[0089] Evaluation 

20 Evaluation results of the above 8 elements (Embodiments 1 to 4, Comparative 

Examples 1 to 4) will be collectively shown in Table 1 below. Note that an evaluation 
method and a result of each item will be explained after Table 1 . 
[0090] 
[Table 1] 
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Note: in the Table, o: preferable, A: normal, and x: defective 



[0091] Evaluation 1 : protective layer film thickness 

The height from the surface of the transparent supporting substrate to the 
5 surface of the protective layer was set as the protective layer film thickness. The use 
of the protective layer of the present invention made it possible to form a protective film 
of a fluorescent material with a thickness of approximately 1 0 (am. 
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[0092] Evaluation 2: smoothness (level difference of filter) 

The level difference of the surface of a protective film formed over a color 
conversion filter was evaluated by the roughness gauge (DEKTAK HA manufactured by 
ULVAC Inc). According to the protective layer of the present invention, height 
5 distribution (concavity and convexity of the surface) of the protective layer after film 
formation was within ± 0.2 ^im, which is preferable, and pattern defects such as 
disconnection and short circuit of the transparent electrode were not seen. 
[0093] 

In a case of an inorganic coating agent (Comparative Example 4), the thickness 
10 of a protective layer was approximately 1 ^im, leveling for filling the level difference 
was not performed, and the level difference of the filter was greater than or equal to ± 8 
|j,m. In this case, , disadvantages such as disconnection and short circuit were caused 
in a pattern of the transparent electrode formed over the top surface thereof; therefore, it 
can be said that the protective layer is inappropriate for practical application. 
15 [0094] Evaluation 3: pencil hardness 

The pencil hardness was measured by the pencil hardness test based on JIS 
standard. It was found that all the elements had hardness of 5H or more in the present 
invention. 

[0095] Evaluation 4: peeling test 

20 The adhesion property of a protective layer formed over a glass substrate was 

evaluated by a Crosshatch test method of peeling of 1 mm based on JIS standard. The 
adhesion property of 9 points or more is denoted by o. The adhesion property of the 
protective layer of the present invention was preferable. 
[0096] Evaluation 5: element lifetime 

25 FIG. 5 shows plotted changes with time of dark spot sizes in Embodiments 1 to 

3 and Comparative Example 2. The elements were kept under nitrogen gas stream, 
and dark spot growth in a light-emitting portion (2 mm □) was observed by an optical 
microscope. It was found that the protective layer of the present invention has effects 
of blocking components such as moisture and a monomer, which is originally contained 

30 or generated from the fluorescent material or a coupled layer due to heat in element 
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driving and which deteriorates an organic EL element and suppressing the dark spot 
growth. 

[0097] Evaluation 6: effect on fluorescent material 

Each element of Embodiments 1 to 4 and Comparative Examples 1 to 4 was 
kept under nitrogen airflow and evaluated according to a change of CIE chromatic 
coordinate in monochrome emission. It was confiirmed that, in Embodiments 1 to 4, 
the fluorescent material was protected in the protective layer of the present invention so 
that the fluorescent material served stably after formation of the organic EL element. 
[0098] 

[Effect of the Invention] 

As described above, according to a color filter of the present invention, all of 
the following problems can be solved: 

(i) not causing pattern erosion or deactivation of functionality of a 
fluorescent layer; 

(ii) being capable of filling the steps of the color conversion pattern layer 
and of forming as thin film as possible (approximately several jam) in 
order to maintain the viewing angle characteristic preferable; 

(iii) having a preferable light-transmitting property; 

(iv) having heat resistance; 

(v) having a smooth surface; 

(vi) having a preferable adhesion property to the pattern layer and a 
substrate; 

(vii) having excellent chemical resistance; 

(viii) having excellent moisture resistance; 

(ix) having no residual monomer nor degasification such as a solvent; 

(x) being provide with a certain amount of mechanical strength; 

(xi) having a film without a foreign matter protrusion; and 

(xii) having resistance to succeeding manufacturing step. 

Accordingly, coloring with a high luminance and high efficiency due to the excellent 
color conversion characteristic and light emission which is stable for the long term can 
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be obtained; therefore, an excellent organic multi-color light-emitting display element 
can be manufactured inexpensibly and easily. 
[Brief Description of the Drawings] 

[FIG. 1] A cross-sectional schematic view showing an example of a color filter 
5 of the present invention having a color resolution pattern layer of a liquid crystal display 
device or the like. 

[FIG. 2] A cross-sectional schematic view showing an example of a color 
conversion type color filter of the present invention having a color conversion pattern 
layer. 

10 [FIG. 3] A cross-sectional schematic view only of a supporting substrate and 

the color conversion pattern layer of the color filter shown in FIG. 2. 

[FIG. 4] A cross-sectional schematic view showing an example of an organic 
multicolor light-emitting EL display element equipped with a color filter of the present 
invention. 

15 [FIG 5] A graph showing the growth state of the dark spot in a light-emitting 

portion which is preserved under nitrogen airflow in the color display elements shown 

in Embodiments 1 to 3 and the Comparative Example 2. 

[Description of the Numerals] 

L supporting substrate (glass), 2. pattern layer, 3. transparent electrode, 4. 
20 protective layer, 5. organic stacked film for organic EL element (hole injecting 

layer/hole transporting layer/light-emitting layer/electron injecting layer), 6. cathode 

electrode, and 7. passivation film. 
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